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(g) Magnetic liquid shaft seal. 

@ A magnetic liquid shaft seal for forming a seal between a 
shaft (17) and a housing (15) through which the shaft extends 
comprises a permanent magnetic ring (13) which has Its axis 
of magnetisation parallel to that of the shaft (17) and a ring of 
magnetic liquid (14). The ring (13) has Its outer periphery 
fixed and sealed in the housing (15) and the ring of liquid (14) 
is held magnetically around the inner periphery of the ring 
(13) and in movable contact with the shaft (17). Alternatively 
the ring (13) may be fixed to the shaft (17) with the ring of 
liquid interposed between the ring (13) and the housing (15). 
A number of such sealing devices may be arranged in series 
along the shaft. 
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MAGNETIC LIQUID SHAFT SEAL 

The present invention relates to magnetic 
devices for forming a seal between a shaft and a 
housing. 

Shaft seals which incorporate permanent 
5. magnets, pole pieces and magnetic liquids, hold the 

magnetic liquid captive between the 'pole pieces 
and other parts which move relative to each other 
to achieve complete sealing. Examples of such seals 
are disclosed in British Patent Specification No. 
10. 783,881 and U.S. Patent Specifications Nos. 3,620,584; 
3,612,549 and 3,848,879- 

These prior seals have successfully been 
used to seal against vacuvim and sometimes against 
positive pressures of several hundred or more kN/m^. 
15. Intricate multi-state seals are commercially available. 

It is an object of this invention to 
provide a magnetic liquid shaft sealing device, which 
is compact and relatively easy and inexpensive to 
install. 

20. According to this invention, a magnetic 

liquid sealing device for forming a seal between a 
shaft and a surrounding housing comprises a substantially 
circular permanent magnet which has its 
magnetic axis extending axially and is arranged to be 

25- sealed to the housing ,or the shaft^ and a 
ring of magnetic liquid which is held 
magnetically around the periphery of the permanent 
magnet and is arranged to form a moving seal 
against the shaft or the housing respectively 
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or against a part which is fixed and sealed to the 
shaft or the housing. 

It has been found that when a small amount 
of magnetic liquid is brought near the peripheral 
edge of an axially magnetized circular permanent magnet 
in the form of a disc or ring, the magnetic liquid 
distributes itself evenly all around the edge. The 
surface shape in cross-section of the liquid ring, which 
is thus formed, is determined by the magnetic flux 
lines between the opposite poles located one on each 
face of the magnet. In the case of a ring or 
washer, magnetic liquid will distribute itself around 
either the inner or the outer periphery, or both. 

Thus, sealing can be achieved between either 
the outer edge of the ring or washer and an external 
housing, or between the inner edge and a shaft 
extending axially. through the ring or washer, or 
between both edges at the same time. The stability 
of the seal is a function of several parameters, 
such as the gap, in which the liquid is located, 
between the permanent magnet and the adjoining 
surface, the magnetic permeability of the liquid, 
and the nature and strength of the permanent magnet. 

Advantages of the invention include its 
extreme simplicity and low cost. The permanent 
magnet can be made quite thin, for example as little as 
75 microns thick, so that it is inexpensive and can 
be used in narrow spaces where other seals cannot fit. 

Furthermore, the sealing device can be 
used in conjunction with shafts and housings of 
magnetic or non-magnetic material. This is another 
advantage over existing magnetic liquid seals. 

Because of its inherent simplicity, a sealing 
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device in accordance with the invention has...a relatively 
low differential pressure holding capability and is 
useful as an exclusion seal. 

Some examplesof sealing devices in accordance 
with the invention will now bfe described with 
reference to the accompanying drawings in which :- 

Figure 1 is a diametric section through a 
circular magnet disc with magnetic liquid held around 
its perphery; 

Figure 2 is a diametric section through a 
permanent magnet ring or washer with magnetic liquid 
held around its outer and its inner peripheries; 

Figure 3 is a diagrammatic diametric section 
through a simple example of the device in accordance 
with the invention fitted between a rotary shaft and 
stationary housing; 

Figure 4 is a view similar to Figure 3, but 
of a second example; 

Figure 5 is a view similar to Figure 3, but 
of a third example; 

Figure 6 is a view similar to Figtire 3, but 
of a fourth example; and, 

Figure 7 is a view similar to Figure 3, but 
of a fifth example. 

¥i-tti reference now to Figure 1, there is 
shown a diametric sectional view of a circular disc 
11 made of a permanent magnet material. The disc 11 
is magnetized with its magnetic axis extending 
axially of the disc. Magnetic liquid 12 is shown 
held magnetically aroiond the circumferential edge of 
the disc 11. 

Figure 2 shows a sectional view of a circular 
washer 13 made of permanent magnet material magnetized 
with its magnetic axi in the axial direction. 
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- Magnetic liquid 12 is shown held magnetically around 
the outer circumferential edge of the washer 13. 
In addition, magnetic liquid 14 is shown held 
magnetically around the inner circumferential edee 
Of the washer I3. ' 

Figure 3 shows an example of a sealing 
device in accordance with the invention used to seal a 
rotary shaft 17 in a stationary housing 15. The 
magnetic ring or washer I3 is fixed and sealed to the 
housing 15. The shaft 17, which is rotatably moimted 
in the housing 15, protrudes through the central opening 

16 in the permanent magnet ring I3. ' Magnetic liquid 
14 is held between the outer surface of the shaft 

17 and the inner circximferential edge of the ring 
13, thus forming a seal between the ring I3 and 
the shaft 17 and hence between the shaft I7 and the 
housing 15. Adhesive sealant 18 permanently seals 
and fixes the ring I3 to the housing 15. 

Figure 4 illustrates how the permanent 
magnetic ring I3 can seal around both its outer and 
inner circumferential edges. Captive magnetic liquid 
12 forms a seal between the outer circumferential 
edge of the ring I3 and the housing 15, and further 
captive magnetic Diquid 14 forms a seal between 
the inner circumferential edge of "Uie ring I3 and 
the shaft 17 . 

In the example of Figure 5, several 
permanent magnetic rings 13 are arranged in series 
to achieve sealing against higher pressures. Each 
riiqgl3 is held in the housing 15, the end rings 
being sealed to the housing, and non-magnetic spacer 
rings 20 are fitted between the rings 15 . 

Figure 6 illustrates an embodiment of the 
invention for sealing a ball bearing. Here, 
permanent magnetic rings 13 are located one on each 
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side of a ball bearing 19. Magnetic liquid 14 
held around the inner circumferential edges of the 
rings 13 forms a rotary seal against the shaft 27. 
A fixed seal 18 of each of the outer circumferential 
edges of the rings 13 to the housing 15 completes a 
sealed chamber around the ball bearing. Thus, the 
shaft 17 can rotate without introducing a leak 
path to the bearing 19. 

Figure 7 illustrates another arrangement 
for sealing a ball bearing. In this example, the 
inner and outer reces of the ball bearing 19 are 
axlally elongated to accommodate magnetic rings 13. 
Magnetic liquid 14 is held on the Inner circumferential 
edge of each ring 13 and forms a moving seal against 
the inner bearing race. The outer circumferential 
edge of each ring 13 is fixed and sealed to the 
outer race of the bearing 19 as shown at 18. 
Alternatively the ring 13 may be fixed and sealed 
to the inner race and have magnetic liquid forming 
a moving seal against the outer race. 

The permanent magnetic ring or disc may 
have an axial thickness of from 75 to 2600 microns and 
it may be made of nylon filled with ferrite. 
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CLAIMS 

A magnetic liquid sealing device for 
forming a seal between a shaft (17) and a surrounding 
housing (15) f the device comprising a substantially 
circular permanent magnet (11, 13) which has its 

5. magnetic axis extending axially and is arranged to 
be sealed to the housing (15) or the shaft (17)^ and 
a ring of magnetic liquid (12, 14) which is held, 
magnetically around the periphery of the permanent 
magnet (11, 13) and is arranged to form a moving 

10. seal against the shaft (17) or the housing (15) 

respectively or against a part which is fixed and 
sealed to the shaft or the housing. 

2. IThe combination of a rotary shaft and a 
sealing device in accordance with Claim 1, the shaft 

15. (17) having its peripheral surface in contact with 
the liquid (14). 

3. The combination of a shaft, a housing, which 
surrounds the shaft and in which the shaft is 
rotatable, and sealing device in accordance with 

20. Claim 1 forming a seal between the shaft (17) and 
the housing (15) > wherein the permanent magnet 
is a ring (13) which surrounds the shaft (17) and 
has one of its peripheries fixed and sealed to the 
housing (15) or the shaft (17) by sealing means 

25. (12, 18) and the magnetic liquid (14) held around 

its other; .periphery and in movable contact with the 
shaft (17 or the housing (15) respectively. 

4. The combination according to Claim 3, 
in which the sealing means (18) is fixed sealing 

30. means which fixes the outer periphery of the ring 
to the housing. 

5. The combination according to Claim 3, 
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in which the sealing means (12) comprises a second 
ring of magnetic liquid (12) held magnetically 
around the outer periphery of the ring (13), whereby 
relative rotation can take place between the ring 

5. (13) and the housing (15). 

5. The combination 'according to any one of 

Claims 2 to 5> in which there are a plurality of 
the permanent magnets in the form of rings (13) spaced 
apart along the shaft (17), each of the rings (13) having 

10. a ring of magnetic liquid (14) held arovmd its inner 
periphery in contact with the shaft (27). 
7. The combination according' to Claim 6, 

in which there is a ball bearing (11) supporting 
the shaft between the rings (13). 

15. 8. A sealing device according to Claim 1, 

or the combination according to any one of Claims 
2 to 7, in which the permanent magnet has an axial 
thickness in the range of from 75 to 2600 microns. 
9* A sealing device or the combination in 

20. accordance with any one of the preceding Claims, 
in which the permanent magnet comprises nylon 
filled with ferrite. 
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